Health Services Research, the Netherlands-On May 13, 2000, a firework depot exploded in a residential area of the city of Enschede, The Netherlands. Many disaster workers responded, including volunteer firefighters, a group that has received little attention in disaster research. This study examined the presence of health problems in volunteer firefighters who were involved in disaster work, three years after the disaster. Furthermore, it was investigated whether demographic characteristics and disaster exposure predicted health problems. The study population consisted of 246 volunteer firefighters who were deployed in disaster work and 71 non-deployed controls. These firefighters completed a questionnaire which inquired about their perceived health and health change, physical symptoms, post-traumatic stress, mental health problems, and health care utilization. Three years after the disaster, no health differences emerged between deployed and non-deployed firefighters. Good health and health improvement over the previous year were reported. Respondents who encountered more distressing experiences during disaster work or carried out more direct disaster-related recovery tasks reported more mental health problems and health care utilization. However, the most reliable predictors of health problems were distressing experiences unrelated to the disaster in personal life or during work. Three years after the disaster, the health of volunteer firefighters involved in the disaster work was not much impaired, possibly because aftercare was available and utilized. Nevertheless, disaster exposure was associated with elevated post-traumatic stress symptoms and mental health care utilization. Health care workers should direct specific attention to the treatment and prevention of post-traumatic stress symptoms in cases of major accidents or disasters. (J Occup Health 2005; 47: 523-532) 
On the afternoon of May 13, 2000 , three explosions struck the city of Enschede, The Netherlands. A firework depot storing 117 tons of heavy fireworks detonated in a residential neighborhood, causing rampant fire and massive destruction. Twenty-two lives were lost and over 900 people were injured; around 400 families lost their homes. The Dutch government declared the explosion a national disaster and an extensive survey was launched to study its health consequences 1) . The physical and mental health consequences of disasters are well documented, and mostly concern victims who were exposed directly to the disaster 2, 3) . In recent years, interest in personnel involved in rescue and recovery operations has increased. These disaster workers are sometimes referred to as the 'forgotten' 4) or 'hidden' 5) victims. They perform tasks that expose them to a range of stressors, and include police officers, firefighters, medical personnel, and salvage and demolition workers. Evidence shows that disaster workers face all kinds of health problems, including physical [6] [7] [8] , psychiatric 9, 10) , psychological 7, 11) , and social problems 12) . Studies investigating disaster workers' health vary considerably with respect to the nature of the disaster, relevant health outcomes and type of disaster work. However, most studies have focused on professional rescue and recovery personnel 13) . Volunteer assistance in disaster work is, however, indispensable considering the impact of disasters, and may be organized (e.g., the Red Cross or volunteer firefighters) or non-organized (e.g., civilians who happen to be present). On average, professionals are better prepared and more experienced to operate under strenuous conditions than volunteers; which is not to say that volunteers are unprepared 14) . Training and experience shield disaster workers from potential adverse health effects Field Study of disasters 15) . Accordingly, it is often reported that professional disaster workers present fewer health problems than survivors 12, [15] [16] [17] [18] . Although equivalent findings have been obtained for volunteer disaster workers 16, 19) , they are relatively scarce. Several risk factors have been associated with post-disaster morbidity, including a higher degree of exposure, a history of mental disorder, female gender, younger age, low social support, and lower socioeconomic status 2, 3) . Many rescue workers involved in the aftermath of the Enschede firework explosion were volunteers. Among them were a few hundred trained volunteer firefighters from the region, and this has allowed us to study the long-term impact of the disaster on the health of these volunteer firefighters. The present study investigates the disaster exposure and health of volunteer firefighters some three years after the Enschede firework explosion. More specifically, we examined which disaster-related experiences volunteer firefighters faced, both with respect to tasks they carried out and distressing events they experienced. Furthermore, we investigated whether this disaster exposure and certain demographic characteristics are associated with higher levels of physical and psychological health problems. This study is part of a larger project investigating the health consequences of the Enschede firework explosion in victims and disaster workers 1, 20) . The aim of this study was to investigate the physical and mental health of volunteer firefighters who were involved in rescue and recovery operations, three years after the disaster.
Methods

Background
In the Netherlands, five out of six firefighters are volunteers. Although most of these volunteer firefighters have a regular day job besides their work for the fire department, they are on call regularly and participate in the same activities as professionals. Volunteers also receive the same training as professional firefighters and a number of admission requirements must be met, including good health and a good physical condition, and a vocational education with math and science. In addition, they must attend weekly practice sessions and regular schooling (http://www.brandweer.nl) 21) .
Study population
Twelve of the 14 fire departments involved in the rescue and recovery operation following the firework explosion agreed to participate in this study, implemented three years post-disaster. A questionnaire was distributed among the volunteer firefighters of these departments (n=663), which could be returned via stamped return envelope. An information letter clarified the purpose of the study, and it was explained that participation was voluntary and anonymous. The average response rate for all fire departments was 48% (n=317). The gender and age distribution of participants were comparable to other studies of firefighters in the Netherlands 21, 22) . Two groups of firefighters were distinguished based on their involvement in disaster work: a deployed group (n=246) and a non-deployed control group (n=71).
Exposure
Deployed volunteer firefighters indicated their disasterrelated experiences on a list of 9 tasks and 12 distressing events associated with disaster work. Other unlisted tasks or experiences could be reported separately. All respondents reported whether or not they had experienced disaster-unrelated distressing events since the disaster (10 items); again, other experiences could be reported separately. If possible, responses on other-items were recoded as one of the enlisted tasks or experiences.
The lists of tasks and experience items were then subjected to exploratory factor analysis to cut the number of variables. Factors were drawn using principal components factor extraction with oblique (oblimin) rotation. The number of factors to be extracted was determined using the eigenvalue ≥1.0 criterion 23) , and the scree test 24) . The task items were grouped into 2 factors, direct tasks (5 items) and indirect tasks (4 items), representing tasks related to immediate or longer-term effects of the explosion. The disaster-related distressing experience items delivered one 10-item factor representing disaster-related events. Two items were removed: "Received injury", and "Other". The disasterunrelated distressing experience items yielded two factors, work-related events (9 items) and personal events (1 item; e.g., death or serious illness of family or friends/relational problems). Exposure scores were calculated by summing items in each scale; non-deployed firefighters received a score of 0 on the three disaster-related scales.
Health
Physical health: Physical health was assessed in two ways. Firstly, respondents completed two items of the RAND-36 25) , on general health perception and health change. Secondly, they indicated whether or not any of 20 symptoms had troubled them before and after the disaster, including the last week. These symptoms were combined into five symptom clusters: (1) psychological; (2) musculoskeletal; (3) gastrointestinal; (4) respiratory; and (5) other. Also, the presence of at least one symptom (i.e., any symptoms) and the mean number of symptoms (i.e., mean symptoms) were calculated. Mental health: The Post-Traumatic Stress Disorder selfrating scale (PTSD-srs) 26) is based on the Structured Interview for post-traumatic stress disorder (PTSD) 27) . If someone has experienced a traumatic event, the PTSDsrs is used to establish whether PTSD can be diagnosed according to the DSM-IV criteria 28) . This is the case if at least 1 of 5 re-experiencing, 3 of 7 avoidance, and 2 of 5 hyperarousal symptoms are displayed. Item scores were summed to obtain a total score (range=0-17); likewise, subscale sum scores were obtained. The PTSD-srs has good reliability and acceptable validity 26) . Only deployed participants completed the PTSD-srs. The Symptom Checklist (SCL) 29, 30) was used to examine the presence of symptoms in the preceding week. The SCL holds 90 items in nine subscales, four of which were administered in the present study: anxiety (10 items), depression (16 items), hostility (6 items), and sleeplessness (3 items). Items are answered on a 5-point frequency scale from not at all (1) to very often (5). The validity and reliability of the Dutch version are good, and Dutch references are available 30, 31) . Health care utilization: Respondents indicated whether they visited the following health care professionals after the explosion: family practitioner, occupational health p h y s i c i a n , m e d i c a l s p e c i a l i s t , p s y c h i a t r i s t , physiotherapist, psychosocial worker, social worker, or other. This was adapted from a study by Van der Velden and colleagues 32) .
Statistical analyses
Demographic and exposure differences between deployed volunteer firefighters and non-deployed controls were examined with t-and χ 2 -tests. Pre-post disaster changes in physical and psychological problems were tested using McNemar tests for related samples and paired t-tests. To examine whether mental health symptoms were elevated in the deployed volunteer firefighters, we compared their SCL-scores with normative data of firefighters from a city elsewhere in the Netherlands 33) . This reference group of firefighters had not been exposed to the Enschede disaster or any other major incident, and did not differ from the deployed volunteers with respect to gender and age.
Multivariate linear and logistic regression analyses were used to examine whether demographics and exposure predicted the health indices. On step 1, gender, age (per 10 yr), education, marital status, and length of service with the department (per 10 yr) were entered into the analysis. On step 2, deployment status and the exposure scales were entered into the equation. This allowed us both to test whether or not demographic variables would predict health outcomes, and to control demography in examining whether exposure would affect health. For each predictor, standardized β coefficient (β; in linear regression) or odds ratio (OR; in logistic regression), and 95% confidence intervals (CIs) were computed. Note that the regression analyses predicting the PTSD-srs total or subscale scores were executed with deployed firefighters only. Therefore, in these analyses deployment status was dropped from the equation. Additionally, in predicting the symptom clusters, any symptoms, and mean symptoms, the three disaster-related exposure scales were entered as interaction with time of symptom presentation (before or after the disaster).
Results
Most respondents were males (95.3%), married or cohabiting (86.8%), and had a basic or intermediate level of education (85.6%). The mean age was 40.9 yr (SD=7.9; range=23-58 yr). On average, the volunteers had been in service with the fire department for 13.8 yr (SD=8.6; range=0-32 yr). The occupational background of the respondents varied widely. Deployed volunteer firefighters were more likely to be male and married or s>6.8; ps<0.01). They were also older and had more service years than controls (both ts>8.4; ps<0.001), probably because 63.8% of nondeployed controls joined the fire department after the disaster. The level of education was comparable in both groups (Table 1) .
Disaster exposure Disaster-related tasks and distressing experiences:
Deployed volunteer firefighters carried out an average of 2.5 different tasks (range=1-7). Most deployed firefighters carried out one or more direct tasks (90.2%), mostly extinguishing operations, whereas almost half were involved in indirect tasks (44.7%). On average, they carried out 1.4 direct and 0.6 indirect tasks ( Table 2 ). All but six firefighters reported experiencing distressing disasterrelated events, with a mean of 2.2. In most cases, this concerned being faced with heavily damaged property, and injured, dying or deceased people. Only 2 volunteer firefighters reported being injured (Table 2) . Disaster-unrelated distressing experiences: Compared to controls, a higher percentage of deployed volunteer firefighters experienced work-related distressing events. Personal events were experienced to the same extent. Deployed volunteers experienced more different workrelated events [t(315)=5.0; p<0.001]; four events seemed to account for this. The regression analyses showed that respondents with fewer service years were more likely to report health improvement over the last year (β=0.20; CI, 0.00-0.26), and that those who experienced personal events perceived their health to be worse (β=0.15; CI, 0.03-0.27). Physical symptoms: The percentage of respondents reporting symptoms in the five symptom clusters after the firework explosion increased significantly compared Table 5 ).
Mental health Post-Traumatic Stress:
Only two deployed volunteer firefighters conformed to the diagnosis of PTSD (i.e., 0.9% of valid cases). Mean total and subscale scores were not related to demographic characteristics or deployment group (Table 6 ). However, having experienced a personal event was associated with more hyperarousal (β=0.16; CI, 0.04-0.28), re-experiencing (β=0.20; CI, 0.07-0.33), and the total score (β=0.21; CI, 0.09-0.33). Positive relationships emerged between direct tasks and re-experiencing (β=0.16; CI, 0.00-0.31), and between disaster-related events and avoidance (β=0.22; CI, 0.07-0.37), hyperarousal (β=0.16; CI, 0.01-0.30), re-experiencing (β=0.21; CI, 0.05-0.37), and total post-traumatic stress (β=0.24; CI, 0.09-0.38).
Mental health problems:
Deployed volunteer firefighters reported fewer mental health problems on all SCL scales than the reference group of firefighters who were not involved in the firework disaster; these differences were significant only for hostility and sleeplessness (Table 6 ). No significant gender or deployment group differences emerged (ts<0.8; ps>0.4).
Again, the regression analyses revealed no differences between the deployed and control group. The demographic variables produced few effects, only firefighters with a high educational level reported more anxiety, depression, and sleeplessness compared to those with basic education (βs range from 0.13-0.22; ps<0.05). Furthermore, while none of the disaster-related exposure variables significantly predicted SCL scores, personal distressing events predicted anxiety (β=0.23; CI, 0.11-0.34), depression and hostility (both βs=0.22, CIs=0.10-0.33), and sleeplessness (β=0.18; CI, 0.06-0.29). Workrelated events predicted anxiety (β=0.13; CI, 0.00-0.26), depression (β=0.18; CI, 0.06-0.31), and sleeplessness (β=0.14; CI, 0.01-0.27). Only marginal significance was attained for the positive association between depression, hostility, and sleeplessness, on the one hand, and disasterrelated events, on the other (βs range from 0.13 to 0.14; ps<0.10). Health care utilization: All together, 64.7% of the volunteer firefighters visited a health care professional after the disaster. More specifically, 59% visited family practitioners, 31% occupational health physicians, 27% medical specialists, 24% physiotherapists, 6% social workers, 4% psychosocial workers, 3% psychiatrists, and 1% other health care providers.
The regression analyses revealed that neither deployment status nor demographic characteristics predicted visits to health care professionals. However, respondents who experienced post-disaster personal distressing events paid more visits to psychosocial workers (OR=22.5; CI, 3.4-147.7), social workers 
4).
Discussion
This study examined the three-year post-disaster health of volunteer firefighters involved in disaster work after the Enschede firework explosion, and the relationship of demographic characteristics and disaster-exposure with health problems. The most notable finding was that deployed volunteers did not present many health problems; in fact, their health was found to be quite comparable to that of non-deployed controls. Both groups were quite satisfied with their current health, and a large majority felt their health had improved over the last year. This was reflected in similar health care utilization and mental health problems of both groups. Less than one percent of the deployed volunteers met the DSM-criteria of PTSD, which is lower than reported in previous studies of volunteer firefighters 14, 34) or other volunteer disaster workers 35) . However, these studies took place shortly after the disaster. In a study of disaster workers six years after a plane crash, there were no cases of PTSD 18) . For comparison, recent studies report a lifetime prevalence of PTSD in the general population of 7.8% in the USA 36) , and 5.6% in Sweden 37) . Preliminary findings indicate that the lifetime prevalence of PTSD in the Netherlands is about 8% 38) . The prevalence of mental health problems was similar among deployed and non-deployed volunteer firefighters. Moreover, deployed volunteers not only presented lower levels of anxiety, depression, hostility, and sleeplessness compared to the general Dutch population 30) , but also compared to a reference group of firefighters who had no disaster experience 33) . Compared with victims, it has been reported that the health of disaster workers is less impaired 2, 18) . Furthermore, deployed volunteer firefighters in the present study reported more physical symptoms (notably psychological), compared to controls 6, 11) . It should be noted, however, that both groups differed in demographic composition and level of disaster-unrelated exposure. Thus, to rule out confounding we controlled these variables in the regression analyses after which the residual difference in psychological symptoms disappeard. Unfortunately, as Berríos-Torres and Trout 6) did not record pre-disaster symptoms it is uncertain whether their findings reflect a true symptoms increase. However, a recent study using occupational health records in which pre-disaster symptoms were known suggests, in fact, that such an increase does occur 7) . While deployment alone was unrelated to health problems, disaster-related experiences predicted posttraumatic stress symptoms, such as avoidance behavior, hyperarousal, and re-experiencing of traumatic events. In addition, fulfilling tasks related to the acute consequences of the explosion, like fire extinguishing, rescuing victims or recovering bodies, predicted reexperiencing symptoms and health care utilization, notably psychiatric care. Such a dose-response relationship between exposure to and number of stressors during disaster work, on the one hand, and subsequent health, on the other hand, has been well documented in disaster literature 2, 3) . Also, several recent studies linked disaster-exposure to increased use of mental health care facilities 39, 40) . The most reliable predictors of health problems in the present study seemed to be work-related distress, and particularly personal distressing experiences. This corresponds with previous results showing that postdisaster stressful life events and work stress are associated with psychiatric morbidity 35, 41) . This study has several limitations. It is possible that selection bias occurred if volunteer firefighters without post-disaster health problems were less inclined to return the questionnaire. Those with more health problems may have been more likely to resign post-disaster, but this seems unlikely because there was no difference in the percentage of resignations found in the current study and elsewhere in the Netherlands 22) . Furthermore, recall bias may have occurred because the study was carried out three years after the explosion. Tasks and distressing experiences with the highest impact were probably reported more often, especially when they were more recent. Also, it is unclear to what degree the retrospective assessment of physical symptoms before and after the disaster was accurate. Given the cross-sectional nature of this study, we should be cautious to conclude that there is a causative relationship between the firework explosion and health. This is a fundamental problem in disaster research, because it would not be ethical to carry out a controlled trial, and because of the unexpected nature of disasters, prospective studies that allow pre-post disaster comparisons are scarce 42) . Notwithstanding these limitations, this study is one of a few focusing specifically on the post-disaster health of volunteer firefighters involved in rescue and recovery operations. Their health seemed to be modestly impaired at most, and they reported even less psychiatric problems than the general population. This strongly indicates that volunteer firefighters, like professional disaster workers, may enjoy resiliency to the negative health effects of disaster 16) . This resiliency may result from self-selection or certain individual characteristics (e.g., hardiness or optimism) 3) . Several studies showed that professionals in general tend to present fewer health problems than volunteers 16, 19) . Further study is required to examine by which mechanism volunteer disaster workers are protected against psychological problems. In addition, aftercare was available, and utilized by almost half of the deployed firefighters, which may also have contributed to the prevention of health problems 33) . Nevertheless, exposure to the explosion's aftermath was positively related to mental health care utilization and post-traumatic stress, over and above distressing experiences unrelated to the disaster. This may suggest that the prevention of PTSD and related symptoms should receive particular attention, using one of the therapeutic methods available 2) .
